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Abstract 
Bi1.6Pb0.4Sr2Ca2Cu3O10 +į (Bi-2223) films were fabricated on polished (110) and (001) MgO substrates using a Sedimentation 
Process with Melt-Quenched heat treatment. The procedure involves suspending Bi-2223 powders in acetone and allows the liquid 
to evaporate and leave a deposit on the substrates. The sediment powders on the substrates were heat treated wherein the films were 
partially melted and subjected to prolonged post-annealing treatment at 860°C. It is observed that quenching after post-annealing 
promoted single phase transition. Single phase Bi-2223 films were obtained with Tc ranging from 110 to 118 K. The films however 
are not well c-axis oriented although a number of XRD peaks show (00l) orientation. Bi-2223 predominates the films reaching up 
to ~90% based on the XRD data. SEM micrographs show granular and interconnected morphologies with visible Cu-rich rods. X-
ray Diffraction reveals these rods to be (Sr,Ca)-Cu-O phase. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
It has been a while since the discovery of the bismuth based cuprate high temperature superconductors [1], yet the 
goal of fabricating films suitable for device applications remain elusive.  Various deposition techniques were 
employed ranging from Pulsed Laser deposition [2,3], magnetron as well as ion beam sputtering [4,5,6,7,8], aerosol 
spray pyrolysis [9] even metal organic chemical vapor deposition[10] in producing BSCCO thin films with good 
success.  Fabricating the films repeatably, however, is difficult due to the inherent complexity and very narrow phase 
stability of the BSCCO compound [11,12,13]. 
Bi2Sr2Ca2Cu3O10+į is interest due to its high Tc value of ׽110K and Jc values reaching up to 1MA/cm2 [14]. Lead 
when substituted to Bismuth in Bi-2223 structure enhances the stability of Bi-2223 [15]. Additionally, prolonged 
sintering also promotes the Bi-2223 formation [12]. Bi-2223 also showed tolerance on substrates with large lattice 
mismatch such as (110) MgO that has lattice mismatch of -28.6% on (001) of Bi-2223 and +8.47% on (110) of Bi-
2223 [10]. 
Smoothness of the ¿lm surface were also addressed by other studies in which partial melting [16,17], liquid phase 
sintering [18,19], and quenching [9] were used. Smoother ¿lms were produced out of melting but further evaporation 
of highly volatile elements like Pb, Sr and Bi made it inconvenient for preserving the Bi-2223 stoichiometry [17,20]. 
In partial melting procedure, the smoothness of the ¿lm surface that indicates more aligned plates found to decrease in 
increasing thickness [21]. However, rapid annealing and quenching prevents the further decomposition of the 
crystalline phases making compatible to melting procedures [8,10].  
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Following earlier success in fabrication of films by sedimentation with liquid phase sintering and post annealing 
technique [18], we performed a similar procedure; this time using Pb doped Bi-2223, with a heat treatment profile 
suitable for the production of the high Tc phase. 
2. Experimental Details 
Bulk BiPbSrCaCuO with x=0.4 were prepared via solid state reaction method from stoichiometric amounts of 
Bi2O3, PbO, SrCO3, CaCO3 and CuO.  The powders were mixed and made into pellets and then sintered in air at 
856ÛC for 24 hours.  The pellets were reground and then made into pellets then sintered for another 100 hours to 
promote the growth of the Bi-2223 phase.  After sintering, the pellets were crushed and a portion, between 10 and 100 
mg, was ground and mixed with acetone in a beaker.  The mixture was agitated in an ultrasonic bath to create a 
suspension.  An MgO single crystal substrate was then introduced into the beaker and allowed to sit undisturbed until 
all the acetone has evaporated and the suspended powder has settled onto the substrate.  The sedimented powders were 
then subjected to a rapid partial melting treatment ranging from 895ÛC to 970ÛC for periods ranging from 15 to 30 
minutes followed by quenching.  This procedure produced a flat and homogeneous film.  These films were then 
annealed at 860ÛC for 100 hours then withdrawn from the furnace rapidly and allowed to cool to room temperature in 
air. Two MgO (100) and (110) orientations were used. 
The surface morphology of the films was examined by SEM.  XRD was used to examine the structure and 
orientation of the films.  To verify the superconductivity linear four point probe resistance measurements were taken 
in a closed He-cryostat. Using the relative intensities of the formed phases, the volume fraction of the ¿lms right after 
partial melting and post annealing were also computed using equation 1 [13].  
 
Adesired phase =[ Idedired phase (hkl)/ I2201 (hkl) + I2212 (hkl) + I2223 (hkl) + Iother phases (hkl)] x 100                     (1) 
3. Results and Discussion 
A representative SEM micrograph of the post annealed film surface is shown in Figure 1. Films partially melted at 
lower temperatures tend to be grainy and rough.  Partial melting at high temperatures produces rod structures although 
the films were smooth and continuous.  The surface morphology also depends on the amount of material deposited 
onto the substrate.  The more powder initially suspended, the thicker the sediment.  Since the partial melting time was 
limited to between 15 and 30 minutes, the thicker sediments tended to be rough while thinner sediments were 
smoother after heat treatment.  However at higher partial melting temperatures the thinner sediments tend to nucleate 
and form islands.  These deposits cannot be tested electrically since a continuous path for the current is not available.  
The surface shown in figure 1 was partially melted at 895ÛC for 30 minutes and annealed at 860ÛC for 100 hours.  The 
surface is smooth but rods are also prominent. The presence of micro-rods is a consequence of high temperature heat 
treatment. Phase segregation is already evident at the partial melting stage. 
 
  
 
Figure 1. (a) SEM image with 1000x magnification of film after post-annealing at 860°C for 100 hours. (b) Film with ~10mg sediment 
after partial melting at 895°C for 30 minutes that tend to form islands as observed. 
 
Figure 2(a) shows the XRD patterns of Bi-2223 ¿lm subjected to each heat treatment. After partial melting at 
970ÛC for 15 minutes the Bi-2201, Bi-2212, Bi-2223 and (Sr,Ca)-Cu-O phase were present. Post-annealing at 860ÛC 
for 100 hours reduced the intensity peaks corresponding to Bi-2223 with traces of Bi-2212 and (Sr,Ca)-Cu-O phase. 
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Figure 2(b) shows the volume fractions calculated before and after post-annealing. The Bi-2223 phase is significantly 
increased after post-annealing. 
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Figure 2. (a) XRD pattern of the ¿lm partially melted at 970ƕC for 15 minutes and post-annealed at 860ƕC for 100 hours (b) Volume 
fraction of the ¿lms after each heat treatment. 
 
In Figure 3(a), the superconducting transition based on the dR/dT plots of Bi-2223 ¿lms on (110) MgO has an 
onset of ׽118K while the ¿lm deposited on (100) MgO has ׽111K with both ¿lms having Tc0 of ׽89K and Tcmid 
ranging from ~86-99 K. Figure 3(b) shows the transitional behaviour of the Bi-2223 films deposited on (110) MgO 
shows Tc0 about ׽80 K even with different partial melting temperature. However, partial melting at 970°C is more 
suitable for ¿lms deposited on (100) MgO since the values of Tc0 drastically increase from ׽70K to ׽90K as the 
partial melting temperature increased from 895°C to 970°C as shown in Figure 3(c).  
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Figure 3. (a) R vs T graph of ¿lms in (110) MgO and (100) MgO (b) R vs T graph of ¿lms on (110) MgO but with diơerent partial 
melting temperature (c) R vs T graph of ¿lms on (100) MgO with diơerent partial melting temperature. 
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In Figures 3(a-b), the single phase transition and long tail after the zero- resistance temperature implies a 
macroscopic response of Bi-2223. As stated in Figure 3(c), high partial melting temperature is suitable for Bi-2223 
films deposited on (100) MgO. Overall, the Bi-2223 predominates as the main superconducting phase. The broad 
transition can be attributed to the presence secondary phases and mainly on high-angle grain boundaries present on the 
films such as perpendicular flakes grew after post-annealing. 
4. Conclusions 
Sedimentation process with Melt-quenching and Post-annealing method as a non-obtrusive and non-vacuum 
deposition process is presented to be a successful deposition technique in synthesizing Bi1.6Pb0.4Sr2Ca2Cu3O10+į ¿lms. 
Volume fraction as high as ׽90% of Bi-2223 were attained on the ¿lms after heat treatment. Micro-rods revealed to 
be (Sr,Ca)-Cu-O are observed as a consequence of high temperature heat treatment. Post-annealing at 860°C for long 
duration with quenching up to room temperature is suitable for Bi-2223 formation. Optimization of post-annealing 
parameters is still needed to improve the quality of our Bi-2223 films. Investigation on the composition and current-
carrying capability of the ¿lms are intended for future studies. 
References 
[1] H. Maeda, Y. Tanaka, M. Fukutomi, T. Asano, Japanese Journal of Applied Physics 27 (1988) L209–L210. 
[2] A. Jannah, S. Halim, H. Abdullah, European Journal of Scienti¿c Research 29 (2009) 438–446. 
[3] R. Rossler, J. Pedarnig, C. Jooss, Physica C 361 (2001) 13–21. 
[4] A. Guldeste, J. Chern, C. Grovenor, M. Goringe, D. Dew-Hughes, Journal of Alloys and Compounds 195 (1993) 591–594. 
[5] W. Kula, R. Sobolewski, J. Ghecka, S. Lewandowski, Journal of Applied Physics 70 (1991) 3171–3179. 
[6] K. Setsune, K. Mizuno, T. Matsushima, S. Hala, Y. Ichikawa, H. Adachi, K. Wasa, Supercond. Sci. Technol 4 (1991) 641–643. 
[7] V. Hakuraku, Z. Mori, S. Oku, Supercond. Sci. Technol 6 (1993) 408–412. 
[8] Z. Mori, K. Sakai, H. Ota, R. Aoki, Journal of Low Temperature Physics 105 (1996). 
[9] E. Daz-Valdes, C. Meja-Garca, J. L. Lopez-Lopez, M. Jergel, J. Mater Sci : Mater Electron 18 (2007) 1167–1170. 
[10] K. Endo, P. Badica, Crystal Growth and Design 5 (2009) 391–394. 
[11] A. Polasek, P. Majewski, E. Serraa, F. Rizzo, F. Aldinger, Materials Research 7 (2004) 393–408. 
[12] X. Gao, J. Li, S. Jiang, D. Gao, G. Zheng, S. Gao, Physica C 244 (1995) 321–332. 
[13] P. Strobel, T. Fourner, Journal of Less-Common Metals 164-165 (1990) 519–525. 
[14] D. Larbalestier, A. Gurevich, D. Feldmann, A. Polyans, Nature 414 (2001) 
[15] M. Takano, J. Takada, K. Oda, H. Kitaguchi, Y. Miura, Y. Ikeda, Y. Tomii, H. Mazaki, Jpn. J. Appl. Phys 27 (1988) 1041–1043. 
[16] D. Schneider, S.Kobel, L. Gauckler, Physica C 349 (2001) 166–178. 
[17] J. R. Spann, L. E. Toth, I. K. Lloyd, M. Kahn, M. Chase, B. N. Das, T. L. Francavilla, M. S. Osofsky, J. Mater. Res. 5 (1990). 
[18] M. U. Herrera, R. V. Sarmago, Ceramics International 30 (2004) 1611–1614. 
[19] R. Manahan, R. Sarmago, Physica C 445-448 (2006) 733–736. 
[20] P. Prieto, G. Zorn, R. Arons, S. Thierfeldt, M. Gomez, B. Kabius, W. Sybertz, K.Urban, Solid state communications 69 (1989) 235–240. 
[21] E. Cecchetti, P. Ferreira, J. V. Sande, Supercond. Sci. Technol 13 (2000) 1270–1278. 
 
